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(54) Surface acoustic wave filter 

(57) A surface acoustic wave filter has a plurality of 
interdigital transducers arranged in a ladder circuit 
structure. Each of the interdigital transducers (1) has a 
first comb-shaped electrode (10) and a second comb- 
shaped electrode (11), each of which has a plurality of 
electrode fingers (6; 7) and a bus bar (4; 5) connected 
to first ends of the plurality of electrode fingers (6; 7). 
The first and second comb-shaped electrodes (10, 11) 
interdigitate with each other so that second ends of the 
plurality of electrode fingers (6) of the first comb-shaped 
electrode (10) extend toward the bus bar (5) of the sec- 



ond comb-shaped electrode (11). A gap (W2) is created 
in at least one of the interdigital transducers (1 ) to cause 
a ripple in the pass band of the surface acoustic wave 
filter such that the ripple increases the steepness of the 
filter characteristics at the high frequency shoulder of 
the pass band. The gap (W2) is defined between the 
bus bar (4) of the first comb-shaped electrode (10) and 
the second ends of the plurality of electrode fingers (7) 
of the second comb-shaped electrode (11). The gap 
width should be in the range of about 0.50A. to about 4A., 
wherein A. is a wavelength of a surface acoustic wave to 
be excited on the piezoelectric substrate. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention relates to a surface 
acoustic wave filter for use as, for example, a band pass 
filter. More specifically, the present invention relates to 
a structure of a surface acoustic wave filter (SAW filter), 
in which a plurality of one-port surface acoustic wave 
resonators (SAW resonators) are connected so as to de- 
fine a ladder circuit, and a method of manufacturing 
thereof. 

2. Description of the Background Art 

[0002] Conventionally, a SAW filter has been widely 
used as a band pass filter. For example, in Japanese 
Examined Patent Publication No. 56-19765, there is 
provided a SAW filter having an arrangement such that 
a plurality of one-port SAW resonators are arranged to 
constitute a ladder circuit. 

[0003] Referring to Figs. 11 and 12, a description of 
the above-mentioned SAW filter having a ladder circuit 
structure will be provided. In the SAW filter of Figs. 11 
and 1 2, a series arm for connecting an input end and an 
output end, and a parallel arm for connecting the series 
arm and a reference potential are provided. A one-port 
SAW resonator S1 defining a series-arm resonator is 
connected to the series arm, and a one-port SAW res- 
onator P1 defining a parallel-arm resonator is connected 
to the parallel arm. In Fig. 11, only one series-arm res- 
onator and one parallel-arm resonator are shown. How- 
ever, the number of series-arm resonators and parallel- 
arm resonators included in the filter is determined by the 
desired filter characteristics. 
[0004] Referring to Fig. 1 2, the conventional one-port 
SAW resonator has an electrode structure such that an 
IDT 51 has a reflector 52 on a first side thereof and a 
reflector 53 on a second side thereof, all arranged on a 
piezoelectric substrate (not shown). 
[0005] The IDT 51 has a pair of bus bars 54 and 55 
which extend along a direction in which a surface acous- 
tic wave propagates. The bus bar 54 is connected to 
one end of each of a plurality of electrode fingers 56. 
The electrode fingers 56 extend in a direction that is per- 
pendicular to the direction in which a surface acoustic 
wave propagates, in other words, towards the bus bar 
55 on the opposite side of the bus bar 54. Similarly, the 
bus bar 55 is connected to one end of each of a plurality 
of electrode fingers 57. The electrode fingers 57 extend 
towards the bus bar 54. The electrode fingers 56 and 
57 are arranged to be interdigitated with each other. 
[0006] A plurality of the above one-port SAW resona- 
tors are arranged to constitute the ladder circuit as 
shown in Fig. 11 , so as to define a SAW filter. Fig. 13 
shows the attenuation-frequency characteristics of the 



SAW filter. 

[0007] Since the SAW filter having the ladder circuit 
structure exhibits small loss and has a wide pass band, 
SAW filters have been widely used as band pass filters 
in cellular phones or other similar devices. 
[0008] However, in recent years, cellular phones have 
been using a system in which a transmission-side fre- 
quency band and a reception-side frequency band are 
close to each other. Thus, band pass filters should now 
be able to increase the steepness of the filter character- 
istics when pass bands are close to each other. 
[0009] Therefore, in order to increase the steepness 
of the filter characteristics, in Japanese Unexamined 
Patent Publication No. 9-167937, there is provided a 
SAW filter having a circuit structure as shown in Fig. 1 4. 
In this case, one-port SAW resonators S1 and S2 are 
connected to a series arm such that the SAW resonator 
S1 is connected in parallel to a capacitor 58. According 
to this conventional device, the addition of the capacitor 
58 permits the anti-resonance frequency of the SAW 
resonator S1 to be decreased so that the steepness of 
the filter characteristics on the high-frequency side of 
the pass band can be increased. 
[0010] However, since the method described in Jap- 
anese Unexamined Patent Publication No. 9-1 67937 re- 
quires the addition of the capacitor 58, the size of the 
SAW filter is increased, and thus, the conventional de- 
sign is difficult to use if miniaturization of cellular phones 
or other similar devices is desired. Additionally, since 
more capacitance is added due to the capacitor 58 to 
the SAW resonator S1 , the attenuation within frequency 
bands other than the pass band is reduced. 
[001 1] Note that in a SAW filter having the ladder cir- 
cuit structure in which frequency bands are spaced from 
the pass band, attenuation is determined by the capac- 
itance ratio of a parallel-arm resonator and a series-arm 
resonator. In general, when the capacitance of the se- 
ries-arm resonator is increased, the attenuation is de- 
creased. Consequently, as described above with re* 
spect to the conventional device , when the series-arm 
resonator S1 is connected in parallel to the capacitor 58, 
the attenuation outside of the pass band is deteriorated, 
as in the case in which the capacitance of the series- 
arm resonator is increased. 

[0012] In order to prevent the above-described de- 
crease in the attenuation within the frequency bands 
which are spaced away from the pass band, a solution 
is to reduce the capacitance of the electrode of the se- 
ries-arm resonator. However, when the capacitance of 
the electrode of the series-arm resonator is reduced, it 
is necessary to reduce the number of pairs of electrode 
fingers and the interdigitating width thereof, which leads 
to difficulties in obtaining desirable resonance charac- 
teristics. 

SUMMARY OF THE INVENTION 

[0013] To overcome the problems described above, 
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preferred embodiments of the present invention provide 
a SAW filter that increases the steepness of the filter 
characteristics on the high-frequency side of a pass 
band while facilitating miniaturization of the filter, sup- 
pressing a decrease in the attenuation within frequency 
bands spaced away from the pass band, and achieving 
excellent resonance characteristics. 
[0014] According to a preferred embodiment of the 
present invention a SAW filter includes a plurality of in- 
terdigital transducers arranged on the piezoelectric sub- 
strate so as to define a plurality of one-port SAW reso- 
nators, the plurality of one-port SAW resonators being 
connected so as to constitute a ladder circuit having a 
series arm and a parallel arm. Each of the plurality of 
the one port SAW resonators includes first and second 
comb electrodes. The first and second comb-shaped 
electrodes, each of which has a plurality of electrode fin- 
gers and a bus bar connected to first ends of the plurality 
of electrode fingers, are interdigitated with each other 
so that second ends of the plurality of electrode fingers 
of each of the first and second comb-shaped electrodes 
extend toward the bus bar of the other comb-shaped 
electrode to define the interdigital transducer. In the in- 
terdigital transducer of at least one of the plurality of 
one-port resonators, a gap between the bus bar of the 
first comb-shaped electrode and the second ends of the 
electrode fingers connected to the bus bar of the second 
comb-shaped electrode is within a range of about 0.50 
X to about 4 X, where X is a wavelength of a surface 
acoustic wave to be excited on the piezoelectric sub- 
strate. 

[0015] In another preferred embodiment of the 
present invention, at least one one-port SAW resonator 
is preferably connected to the series arm of the ladder 
circuit. In this case, a ripple which is close to the pass 
band on the high-frequency side of the pass band is 
moved such that the steepness of the filter characteris- 
tics on the high-frequency side of the pass band is in- 
creased via the attenuation of the ripple. 
[0016] In another preferred embodiment of the inven- 
tion, the ladder circuit may have a plurality of series 
arms, and the gap as described above in the interdigital 
transducers on all of the series arms may preferably be 
set within the range of about 00.50 X to about 4 X. In this 
case, a synergistic effect of increasing the attenuation 
due to the ripple in each of the one-port SAW resonators 
connected at the series arms is achieved. Thus, excel- 
lent SAW filter characteristics including steeper filter 
characteristics at the high-frequency side of the pass 
band are achieved. 

[0017] In another preferred embodiment of the 
present invention, if the one-port SAW resonator uses 
a UTa0 3 substrate as the piezoelectric substrate, the 
above-mentioned ripple clearly appears between the 
resonance frequency and the anti -resonance frequen- 
cy. Thus, the ripple can be effectively used to increase 
the attenuation so that the steepness of the filter char- 
acteristics when close to the pass band are greatly and 



efficiently increased. 

[0018] In another preferred embodiment of the 
present invention, a method of manufacturing a SAW 
filter includes the steps of providing a piezoelectric sub- 

5 strate, forming a plurality of interdigital transducers on 
the piezoelectric substrate so as to form a plurality of 
one-port SAW resonators, each of the plurality of one 
port SAW resonators including first and second comb 
electrodes each including electrode fingers and a bus 

10 bar, wherein the plurality of one-port SAW resonators 
are connected so as to constitute a ladder circuit having 
a series arm and a parallel arm, and creating a gap be- 
tween the bus bar of the first comb electrode and ends 
of the electrode fingers of the second comb electrode 
that is within a range of about 0.50 X to about 4 X within 
at least one of the interdigital transducers such that a 
ripple occurs within a pass band of the surface acoustic 
wave filter, where X is a wavelength of a surface acoustic 
wave to be excited on the piezoelectric substrate. 

20 [0019] Other features, elements and advantages of 
the present invention will be described in detail below 
with reference to preferred embodiments of the present 
invention and the attached drawings. 

25 BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

[0020] The present invention will become more fully 
understood from the detailed description given herein 
30 below and the accompanying drawings which are given 
by way of illustration only, and thus do not limit the 
present invention and wherein: 

Fig. 1 A is a circuit diagram of a SAW filter according 

35 to a preferred embodiment of the present invention; 
Fig 1 B is a plan view illustrating the electrode struc- 
ture of a one-port SAW resonator used in the SAW 
filter of the preferred embodiment shown in Fig. 1 A; 
Fig. 2 is a graph showing the relationship between 

40 the gap length W2 between a bus bar and a top end 
of the electrode fingers in a one-port SAW resona- 
tor, and the frequency position of a ripple between 
a resonance frequency and an anti-resonance fre- 
quency in a preferred embodiment; 

45 Fig. 3 is a graph showing the relationship between 
the gap length W2 between the bus bar and a top 
end of the electrode fingers in a one-port SAW res- 
onator and the steepness of the filter characteristics 
on the high-frequency side of the pass band in a 

so preferred embodiment; 

Fig. 4 is a graph showing the attenuation-frequency 
characteristics of a SAW filter illustrating the steep- 
ness of the filter characteristics as shown in Fig. 3; 
Fig. 5 is a graph showing the impedance-frequency 

55 characteristics of the SAW filter of a one-port SAW 
resonator used as a series-arm resonator accord- 
ing to a first experimental example of preferred em- 
bodiments of the present invention; 
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Fig. 6 is a graph showing the attenuation-frequency 
characteristics of the SAW filter of the first experi- 
mental example of preferred embodiments of the 
present invention and that of a SAW filter prepared 
for comparison to preferred embodiments of the s 
present invention; 

Fig. 7 is a graph showing the impedance-frequency 
characteristics of a one-port SAW resonator used 
as a series-arm resonator according to a second ex- 
perimental example of preferred embodiments of 
the present invention; 

Fig. 8 is a graph showing the attenuation-frequency 
characteristics of the SAW filter of the second ex- 
perimental example of preferred embodiments of 
the present invention and that of a SAW filter pre- 
pared for comparison to the preferred embodiments 
of the present invention; 

Fig. 9 is a circuit diagram showing a duplexer ac- 
cording to another preferred embodiment of the 
present invention; 

Fig. 1 0 is a block diagram showing a communication 
apparatus still another preferred embodiment of the 
present invention; 

Fig. 11 is a circuit diagram of a conventional SAW 
filter having a ladder circuit structure; 
Fig. 1 2 is a plan view showing the electrode struc- 
ture of a one-port SAW resonator used in the con- 
ventional SAW filter; 

Fig. 1 3 is a graph showing the attenuation-frequen- 
cy characteristics of the conventional SAW filter; 
Fig. 14 is a circuit diagram for illustrating another 
conventional SAW filter; and 
Fig. 1 5 is a plan view for illustrating the relationship 
between the gap length and the interdigitating width 
of the electrode fingers in the conventional one-port 
SAW resonator. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0021] Fig. 1 A shows a circuit structure of a SAW filter 
according to a preferred embodiment of the present in- 
vention. Fig. 1B is a plan view showing the electrode 
structure of a one-port SAW resonator included in the 
present preferred embodiment. 
[0022] Referring to Fig. 1 A, the SAW filter of the pre- 
ferred embodiment has a ladder circuit structure. That 
is, a series arm is preferably located between an input 
end IN and an output end OUT, and a plurality of parallel 
arms are preferably located between the series arm and 
reference potentials. 

[0023] One-port SAW resonators S1 and S2 are se- 
ries-arm resonators which are connected to the series 
arm. Each of the one-port SAW resonators P1 to P3 are 
parallel-arm resonators which are connected to each of 
the parallel arms. In addition, as shown in Figure 1A, 
from the input end IN towards the output end OUT, the 
parallel-arm resonators and the series-arm resonators 



are alternately arranged. However, the number of se- 
ries-arm resonators and parallel-arm resonators in the 
present invention should not be restricted to that of the 
preferred embodiment shown and any number or com- 
bination of series-arm resonators and parallel-arm res- 
onators may be used. For example, it is possible to use 
a structure that has only one series-arm resonator and 
only one parallel-arm resonator or a structure that has 
three or more parallel-arm resonators. 
[0024] Referring to Fig. 1 B, a description of the elec- 
trode structure of the one-port SAW resonators S1 , S2, 
P1 to P3 will be provided. In the one-port SAW resona- 
tor, reflectors 2 and 3 are preferably positioned on each 
side of the IDT 1 , respectively, preferably in a direction 
in which a surface acoustic wave propagates in the IDT 
1. 

[0025] The IDT 1 preferably includes a pair of busbars 
4 and 5 arranged substantially parallel to each other with 
a fixed distance therebetween. One end of each of the 
plurality of electrode fingers 6 is connected to the bus 
bar 4, whereas one end of each of the plurality of elec- 
trode fingers 7 is connected to the bus bar 5. The elec- 
trode fingers 6 extend towards the bus bar 5, and the 
electrode fingers 7 extend towards the bus bar 4.The 
electrode fingers 6 and 7 are arranged so that they mu- 
tually interdigitate with each other. 
[0026] The IDT 1 includes a pair of comb-shaped 
electrodes 10 and 11. The comb-shaped electrode 10 
includes the plurality of electrode fingers 6 and the bus 
bar 4 connected to first ends of the electrode fingers 6. 
The comb-shaped electrode 11 includes the plurality of 
electrode fingers 7 and the bus bar 5 connected to first 
ends of the electrode fingers 7. The comb-shaped elec- 
trodes 10 and 11 preferably interdigitate with each other 
so that second ends of electrode fingers 6 or 7 of the 
comb-shaped electrode 10 or 11 extend toward the bus 
bar 5 or 4 of the comb-shaped electrode 11 or 10, re- 
spectively. 

[0027] In addition, the reflectors 2 and 3 are preferably 
made of grating reflectors, in which both ends of a plu- 
rality of electrode fingers provided in the reflectors 2, 3 
are preferably short-circuited. 
[0028] In the one-port SAW resonator, when an AC 
voltage is applied between the electrode fingers 6 and 
7, the IDT 1 becomes excited and a surface acoustic 
wave is generated. The surface acoustic wave is con- 
fined between the reflectors 2 and 3, so that the reso- 
nance characteristics based on the surface acoustic 
wave can be extracted. 

[0029] According to the preferred embodiments of the 
present invention, in an IDT 1 of at least one of the one- 
port SAW resonators, which constitutes the SAW filter 
defining the ladder circuit, the gap W2 between the bus 
bar 4 or 5 of the comb-shaped electrode 10 or 11 and 
the second ends of the electrode fingers 7 or 6 connect- 
ed to the bus bar 5 or 4 of the comb-shaped electrode 
11 or 10 is preferably set to be in the range of about 
00.50 X to about 4 X, where X is the wavelength of a 
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surface acoustic wave to be excited on the piezoelectric 
substrate. This unique arrangement greatly increases 
the steepness of the filter characteristics on the high- 
frequency side of the pass band. How this occurs will 
be explained below. 

[0030] In Japanese Unexamined Patent Publication 
No. 6-232682, there is disclosed a method for reducing 
a ripple existing between a resonance frequency and an 
ant i -resonance frequency in the one-port SAW resona- 
tor using a piezoelectric substrate made of LiTa0 3 . Fig. 
15 shows the electrode structure of the one-port SAW 
resonator described in the conventional art. It should be 
pointed out that, in Fig. 13, a reflector 52 disposed on 
one side of an IDT 51 is shown, but a reflector disposed 
on the other side of IDT 51 is not shown. 
[0031] In the conventional art, it is disclosed that the 
influence of a ripple existing between a resonance fre- 
quency and an anti-resonance frequency, peculiar to the 
LiTa0 3 substrate, can be decreased when the ratio 
W1/W2 is increased. In other words, making the gap 
length W2 smaller than the interdigitating width W1 re- 
duces the occurrence of a surface skimming bulk wave 
(SSBW) so that the influence of the above ripple is de- 
creased. 

[0032] As described in the above conventional art, the 
occurrence of SSBW is considered to be undesirable 
because it deteriorates the characteristics of a SAW res- 
onator, and so it is therefore desirable to make the gap 
length W2 as small as possible. 
[0033] In contrast, the preferred embodiments of 
present invention use the ripple as much as possible, 
so that unexpected improvements in the filter character- 
istics are achieved. In other words, preferred embodi- 
ments of the present invention use the ripple in a positive 
manner in contrast to conventional wisdom and devices 
which attempt to suppress the ripple from occurring. 
[0034] The present invention provides empirical evi- 
dence that, in the one-port SAW resonator, fixing the in- 
terdigitating width W1 and changing only the gap length 
W2 allows the frequency of the ripple to be easily con- 
trolled. 

[0035] Referring to Fig. 2, the graph shows the rela- 
tionship between the gap length W2 in the one-port SAW 
resonator and the frequency of the ripple occurring be- 
tween the resonant frequency and the anti-resonant fre- 
quency. The frequencies Af/fO indicated by the vertical 
axis are standardized values, where Af measures the 
difference between the frequency at which a ripple oc- 
curs and the resonance frequency fO of the surface 
acoustic wave device. As shown in Fig. 2, changing the 
gap length W2 changes the frequency at which the rip- 
ple occurs. 

[0036] So, in the SAW filter having a ladder circuit 
structure, desired excellent filter characteristics are 
achieved by combining the resonance characteristics of 
a plurality of one-port SAW resonators. Accordingly, by 
moving the ripple to a frequency where it is necessary 
to increase the attenuation, the ripple increases the at- 



tenuation at that frequency. Note that in the ladder circuit 
structure, when the gap length W2 is changed especially 
in the one-port SAW resonators defining the series-arm 
resonators, the frequency at which the ripple occurs can 
5 be moved to the frequency near the shoulder of the high- 
frequency side of the pass band of the SAW filter. As a 
result, the steepness of the filter characteristics on the 
high-frequency side of the pass band are greatly in- 
creased. 

io [0037] Next, a description concerning how changes 
in the gap length W2 of the series-arm resonator effect 
the pass band characteristics on its high-frequency side 
will be provided. 

[0038] Referring to Fig. 3, the graph shows changes 

is in the steepness on the high-frequency side of the pass 
band of the SAW filter when the gap length W2 is 
changed in the one-port SAW resonators S1 and S2 de- 
fining the series-arm resonators in the SAW filter. The 
steepness (a unit thereof is indicated in MHz) of the filter 

20 characteristics near the pass band is defined as follows. 
Referring to Fig. 4, on the high-frequency side of the 
pass band, the difference between the frequency where 
attenuation is 5 dB and where attenuation is 10 dB is 
equivalent to the steepness of the filter characteristics. 

25 Thus, the smaller the difference in frequencies, (MHz), 
the steeper the filter characteristics. 
[0039] So, Fig. 3 shows that there is a relationship be- 
tween the gap length W2 in the one-port SAW resonator 
and the steepness of the filter characteristics on the 

30 high-frequency side of the band pass. If the gap length 
is about 0.50A, or more, the steepness of the filter char- 
acteristics is increased sharply. 
[0040] Therefore, in the preferred embodiments, in 
which a plurality of one-port SAW resonators are con- 

35 nected in a ladder arrangement, if the gap length W2 in 
the one-port SAW resonator defining the series-arm res- 
onator is about 0.50X or more, the steepness on the 
high-frequency side of the pass band is greatly in- 
creased. However, when the gap length W2 is greater 

40 than about AX, as shown in Fig. 3, the increase in steep- 
ness starts to decrease. Thus, the steepness on the 
high-frequency side is greatest when the gap length W2 
is in the range of about 0.50A. to about 4X. 
[0041] Next, a description of the detailed experimen- 

45 tal examples of the SAW filter of preferred embodiments 
of the present invention will be provided. 

1 . First Experimental Example 

50 [0042] A LiTa0 3 substrate, which is of 36°Y-cut X- 
propagation, is used as a piezoelectric substrate. Indi- 
vidual one-port SAW resonators and electrodes con- 
nected thereto are provided on the substrate. Al is used 
to form the one-port SAW resonators and for connecting 

55 the electrodes. 

[0043] The one-port SAW resonators S1 and S2 de- 
fining series-arm resonators and the one-port SAW res- 
onators P1 and P2 defining parallel-arm resonators are 
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respectively formed as follows. 

(1) The one-port SAW resonators S1 and S2 (series- 
arm resonators) 

[0044] The number of pairs of electrode fingers 
equals 80, the interdigitating width of the electrode fin- 
gers is about 40 urn (10.5 X), the gap length W2 in the 
IDT is about 1 .0 X, and the number of electrode fingers 
in the reflector equals 100. 

(2) The one-port SAW resonators P1 and P3 (parallel- 
arm resonators) 

[0045] The number of pairs of electrode fingers 
equals 40, the interdigitating width of the electrode fin- 
gers is about 80 jam (20 X), the number of the electrode 
fingers in a reflector equals 1 00, and the gap length W2 
is about 0.25 X, 

(3) The one-port SAW resonator P2 (a parallel-arm 
resonator) 

[0046] The number of pairs of electrode fingers 
equals 80, the interdigitating width of the electrode fin- 
gers is about 200 u/n (50 X), the number of the electrode 
fingers in a reflector equals 1 00, and the gap length W2 
is about 0.25 X. 

[0047] Referring to Fig. 5, the graph shows the imped- 
ance-frequency characteristics of the one-port SAW 
resonators S1 and S2 (series-arm resonators), which 
are formed as described above. As seen in Fig. 5, a rip- 
ple indicated by an arrow A is present between a reso- 
nance frequency and an anti-resonance frequency. In 
preferred embodiments of the present invention, moving 
the ripple A toward the high-frequency side of the pass 
band in the SAW filter greatly increases the steepness 
on the high-frequency side of the pass band. 
[0048] Referring to Fig. 6, the attenuation -frequency 
characteristics of the SAW filter, formed as described 
above, is indicated by the solid line. For comparison, the 
broken line indicates the filter characteristics of a SAW 
filter formed in the same way as the above-described 
first experimental example, except that the gap length 
W2 in the one-port SAW resonators S1 and S2 (series- 
arm resonators) is set to be about 0.25X. As shown in 
Fig. 6, in the first experimental example, because the 
gap length W2 in the one-port SAW resonators S1 and 
S2 is set at about 1.0 X, the steepness on the high-fre- 
quency side of the pass band is much greater than the 
steepness in the example provided for comparison. 

2. Second Experimental Example 

[0049] The SAW filter is produced in the same way as 
in the first experimental example, except that the struc- 
tures of the one-port SAW resonators S1 and S2 and 
the one-port SAW resonators P1 to P3 as the parallel- 



arm resonators are changed as below. 

(1) The one-port SAW resonators S1 and S2 (series- 
arm resonators) 

5 

[0050] The number of pairs of electrode fingers 
equals 80, the interdigitating width of the electrode fin- 
gers is about 40 u/n (10.5 X), the gap length W2 is about 
2.0 X, and the number of the electrode fingers in the re- 
10 flector equals 100. 

(2) The one-port SAW resonators P1 and P3 (parallel- 
arm resonators) 

is [0051] The number of pairs of electrode fingers 
equals 40, the interdigitating width of the electrode fin- 
gers is about 80 urn (20 X), and the number of electrode 
fingers in the reflector equals 100. 

20 (3) The one-port SAW resonator P2 (a parallel-arm 
resonator) 

[0052] The number of pairs of electrode fingers 
equals 80, the interdigitating width of the electrode fin- 
25 gers is about 200 u,m (50 X), the gap length W2 is about 
0.25 X, and the number of electrode fingers in the reflec- 
tor equals 100. 

[0053] Referring to Fig. 7, the graph shows the imped- 
ance-frequency characteristics of the one-port SAW 
30 resonator S1 as the series-arm resonator of the SAW 
filter according to the second experimental example. In 
Fig. 7, a ripple indicated by an arrow B is present near 
the anti-resonance frequency. Moving the ripple B to- 
ward the high-frequency side of the pass band in the 
35 SAW filter greatly increases the steepness on the high- 
frequency side of the pass band. 
[0054] Referring to Fig. 8, the solid line indicates the 
attenuation-frequency characteristics of the SAW filter 
according to the second experimental example. The 
40 broken line shows the attenuation-frequency character- 
istics of the SAW filter prepared for comparison in the 
first experimental example. It was discovered that even 
in the second experimental example, the steepness is 
greatly increased on the high-frequency side of the pass 
45 band when the gap length W2 of the one-port SAW res- 
onators S1 and S2 is about 2. OX. 
[0055] From the comparisons, as shown in Figs. 6 and 
8, in the SAW filter according to the second experimental 
example, the steepness on the high-frequency side of 
so the pass band is slightly less very near the pass band 
as compared to the SAW filter of the first experimental 
example. However, although the steepness very near 
the pass band is slightly less, the steepness within the 
higher-frequency side is greater in the SAW filter ac- 
55 cording to the second experimental example. This is so 
probably because the frequency of the ripple of the one- 
port SAW resonators S1 and S2 defining the series-arm 
resonators is higher in the second experimental exam- 
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pie than in the first experimental example. Thus, the at- 
tenuation is increased at the ripple frequency. 
[0056] Further, although the LiTa0 3 substrate of a 
36°Y-cut X-propagation is used in the first and second 
experimental examples, even when a LiTa0 3 substrate 
with a cutting angle other than 36° is used, the same 
advantages as in the examples described above can be 
obtained. Also, in the present invention, other piezoe- 
lectric materials can be used. More specifically, a pie- 
zoelectric single crystal substrate made of LiTa0 3 , 
LiNb0 3 , or other materials can be used. Alternatively, a 
substrate made of piezoelectric ceramic materials, such 
as lead zirconate or lead titanate, can also be used. In 
addition, a piezoelectric substrate produced by laminat- 
ing a piezoelectric thin film on an insulating substrate, 
made from an insulating material such as alumina, may 
also be used. If an insulating substrate is used, the elec- 
trodes of the IDT and the reflectors can be formed on 
either the upper surface or the lower surface of the pie- 
zoelectric thin film. However, a LiTaO a substrate should 
preferably be used as the piezoelectric substrate. 
[0057] Additionally, as long as the gap length in at 
least one of the series-arm resonators is set to be about 
0.50 X or more, the ripple occurring between the reso- 
nance frequency and the anti-resonance frequency in 
the series-arm resonator can be used to greatly in- 
crease the steepness on the high-frequency side of the 
pass band. Therefore, in preferred embodiments of the 
present invention, the steepness is greatly increased as 
long as the gap length W2 of at least one of the SAW 
resonators defining the series-arm resonators is be- 
tween about 0.50X to about 4\. 
[0058] Furthermore, the present invention is not lim- 
ited to the series-arm resonators. When the gap length 
W2 of the one-port SAW resonator defining the parallel- 
arm resonator is preferably between about 0.50X and 
about 4K as well, changing the frequency of the ripple 
also greatly increase the steepness near the pass band. 
[0059] Therefore, in preferred embodiments of 
present invention, a capacitor in parallel with a one-port 
SAW resonator is not needed, so that reduction in size 
thereof is facilitated, and thus, deterioration of the atten- 
uation in the frequency bands spaced away from the 
pass band is prevented. 

[0060] The present invention can be suitably applied 
to various electronic parts or devices utilizing a surface 
acoustic wave filter, and a duplexer and a communica- 
tion apparatus having a duplexer may be one of the ap- 
plications in which the unique features of the present 
invention are successfully employed. 
[0061] As shown in Fig. 9, a duplexer 40 comprises a 
SAW filter 41 and SAW filter 42 having different center 
frequencies of pass band with each other. The SAW fil- 
ters 41 and 42 shown in Fig. 9 are identical to the SAW 
filter shown in Fig. 1 A, but other SAW filter according to 
the present invention may be employed. In the duplexer 
40, an input terminal 43 of the SAW filter 41 and an input 
terminal 44 of the SAW filter 42 are electrically connect- 



ed to an first input/output terminal 45 of the duplexer 40. 
The ground terminals of the SAW filters 41 and 42 are 
commonly connected so as to be grounded. The output 
terminal 46 of the SAW filter 41 and the output terminal 
5 47 of the SAW filter 42 are respectively connected to a 
second input/output terminal 48 and third input/output 
terminal 49 of the duplexer 40. 
[0062] The duplexer 40 has a excellent signal selec- 
tivity as the SAW filters 41 and 42 have the steepness 
10 at the high end of the pass band thereof. In addition, 
since other components such as capacitors are not 
required , the duplexer 40 can have a small body. 
[0063] Fig. 1 0 is a block diagram of a communication 
apparatus 50 having the duplexer 40. The communica- 
15 tion apparatus 50 may be a cellular phone, for example, 
as a cellular phone which usually requires a narrow 
communication band and a small handy body is suitable 
to enjoy the aforementioned merits of the duplexer 40. 
The communication apparatus 50 comprises an anten- 
na 51, a receiver 52 and a transmitter 53 connected to 
the first, second and third input/output terminals of the 
duplexer 40. The pass bands of the SAW filters 41 and 
42 of the duplexer 40 are selected such that the signals 
received through the antenna 51 passes through the 
SAW filter 41 and are blocked by the SAW filter 42 and 
that the signals to be transmitted from the transmitter 53 
passes thourgh the SAW filter 42. 
[0064] While the invention has been particularly 
shown and described with reference to preferred em- 
bodiments thereof, it will be understood by those skilled 
in the art that the foregoing and other changes in form 
and details may be made therein without departing from 
the scope of the invention. 



Claims 

1 . A surface acoustic wave filter comprising: 

a piezoelectric substrate; 
a plurality of interdigital transducers (1) ar- 
ranged on the piezoelectric substrate so as to 
define a plurality of one-port SAW resonators 
(S lt S 2 , P), P 2 . P 3 ). the plurality of one-port 
SAW resonators being connected so as to con- 
stitute a ladder circuit having a series arm and 
a parallel arm, each of the plurality of interdigital 
transducers (1) including first and second 
comb-shaped electrodes (10, 1 1 ) each of which 
has a plurality of electrode fingers (6, 7) and a 
bus bar (4, 5) connected to first ends of the plu- 
rality of electrode fingers (6, 7), the first and 
second comb-shaped electrodes (10,11) inter- 
digitating with each other so that second ends 
of the plurality of electrode fingers (6) of the first 
comb-shaped electrode (10) extend toward the 
bus bar (5) of the second comb-shaped elec- 
trode (11) to define the respective interdigital 
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transducer; 

wherein at least one of the plurality of inter- 
digital transducers (1) is arranged such that a gap 
(W2) between the bus bar (4) of the first comb- 
shaped electrode (10) and the second ends of the 
electrode fingers (7) connected to the bus bar (5) of 
the second comb-shaped electrode (11) is within a 
range of about 0.50X to about 4X, where A, is a wave- 
length of a surface acoustic wave to be excited on 
the piezoelectric substrate. 

2. A surface acoustic wave filter according to Claim 1 , 
wherein at least one of the one-port SAW resona- 
tors (51, 52) is connected at the series arm of the 
ladder circuit. 

3. A surface acoustic wave filter according to Claim 2, 
wherein the ladder circuit has a plurality of series 
arms, and the gap in the interdigital transducer of 
each of the series arms is within the range of about 
0.50A. to about AX. 

4. A surface acoustic wave filter according to Claim 2, 
wherein the ladder circuit has a plurality of series 
arms, wherein the gap in the interdigital transducer 
of at least one of the series arms is within the range 
of about Q.5QX to about 4X. 

5. A surface acoustic wave filter according to Claim 2, 
wherein the ladder circuit has plurality of parallel 
arms, wherein the gap in the interdigital transducer 
of at least one of the parallel arms is within the range 
of about 0.50X to about 4X. 

6. A surface acoustic wave filter according to Claim 1 , 
wherein the piezoelectic substrate is a LiTa0 3 sub- 
strate. 

7. A surface acoustic wave filter according to Claim 1 , 
wherein the piezoelectric substrate is a LiNb0 3 sub- 
strate. 

8. A surface acoustic wave filter according to Claim 1 , 
wherein the piezoelectric substrate is made of pie- 
zoelectric ceramic material. 

9. A surface acoustic wave filter according to Claim 8, 
wherein the piezoelectric ceramic material is at 
least one of lead zirconate and lead titanate. 

10. A surface acoustic wave filter according to Claim 1 , 
wherein the piezoelectric substrate includes a lam- 
inated piezoelectric thin film on an insulating sub- 
strate. 

11. A surface acoustic wave filter according to Claim 
10, wherein the electrodes of the interdigital trans- 



ducer are disposed on an upper surface or a lower 
surface of the piezoelectric thin film. 

12. A surface acoustic wave filter according to Claim 1 , 
5 wherein at least one of the one-port SAW resona- 
tors further comprises first and second reflectors (2, 
3) arranged on the piezoelectric substrate such that 
the first reflector (2) is adjacent to the interdigital 
transducer (1) on one side of the interdigital trans- 
it ducer (1 ) and the second reflector (3) is adjacent to 

the interdigital transducer (1) on the other side of 
the interdigital transducer (1). 

13. A surface acoustic wave filter according to Claim 1 , 
is wherein the ladder circuit has a plurality of series 

arms and parallel arms such that the series arms 
and the parallel arms are alternately positioned. 

1 4. A method of manufacturing a surface acoustic wave 
20 filter comprising the steps of: 

providing a piezoelectric substrate ; 

forming a plurality of interdigital transducers (1) 

arranged on the piezoelectric substrate so as 

25 to define a plurality of one-port SAW resonators 

(S 1f S 2 , P^ P2, P3), the plurality of one-port 
SAW resonators being connected so as to con- 
stitute a ladder circuit having a series arm and 
a parallel arm, each of the plurality of interdigital 

30 transducers (1) including first and second 

comb-shaped electrodes (1 0, 1 1 ) each of which 
has a plurality of electrode fingers (6, 7) and a 
bus bar (4, 5) connected to first ends of the plu- 
rality of electrode fingers (6, 7), the first and 

35 second comb-shaped electrodes (10, 11) inter- 

digitating with each other so that second ends 
of the plurality of electrode fingers (6) of the first 
comb-shaped electrode (10) extend toward the 
bus bar (5) of the second comb-shaped elec- 

40 trode (11) to define the respective interdigital 

transducer; and 

creating a gap (W2) in at least one of the plu- 
rality of interdigital transducers (1 ) such that the 
gap exists between the bus bar (4) of the first 

45 comb-shaped electrode (10) and the second 

ends of the electrode fingers (7) connected to 
the bus bar (5) of the second comb-shaped 
electrode (11), and the gap width being within 
a range of about 0.50X to about 4X where X is 

50 a wavelength of a surface acoustic wave to be 

excited on the piezoelectric substrate. 

1 5. The method according to Claim 1 4, wherein at least 
one of the one-port SAW resonators (S v S 2 ) is con- 

55 nected at the series arm of the ladder-shaped cir- 
cuit. 

16. The method according to Claim 1 4, wherein the pi- 
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ezoelectric substrate is a LiTaO a substrate. 

1 7. The method according to Claim 1 4, wherein the lad- 
dercircuit has a plurality of series-arms, and the gap 

in the interdigital transducers of all of the series- 5 
arms is within the range of about 0.50A to about 4X. 

18. The method according to Claim 1 4, wherein the lad- 
der circuit has a plurality of series arms, wherein the 
gap in the interdigital transducer of at least one of 10 
the series arms is within the range of about 0.50A. 

to about 4\. 

1 9. The method according to Claim 1 4, wherein the lad- 
der circuit has a plurality of parallel arms, wherein is 
the gap in the interdigital transducer of at least one 

of the parallel arms is within the range of about 
0.50X to about 4X. 

20. The method according to Claim 1 4, wherein the rip- 20 
pie occurs at a shoulder of a high frequency side of 

the pass band. 

21. A duplexer comprises a pair of surface acoustic 
wave filters according to any one of claims 1 to 1 3 25 

22. A communication apparatus comprising a duplexer 
according to Claim 21 . 
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FIG. 2 
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FIG. 6 
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